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Description 

Stationary Tomographic Mammography 

System 

Background of Invention 

[0001] The present invention relates generally to X-ray imaging 
machines, and particularly to a stationary tomographic 
mammography system. 

[0002] a traditional X-ray imaging system includes an X-ray 

source and a detector array for generating an internal im- 
age of an object. As is well known, the X-ray source gen- 
erates X-rays, which are attenuated by the object (i.e. they 
either pass through the object or are absorbed therein). 
As a result, the transmitted X-rays vary in intensity. The 
detector array receives and measures the resultant X-ray 
flux so as to generate electrical signals necessary for con- 
structing an internal image of the object. 

[0003] | n a t | eas t one known mammography imaging system, an 
X-ray source projects a fan-shaped beam, which is col I i— 
mated to lie within an X-Y plane of a Cartesian coordinate 



system and is generally referred to as the "imaging plane." 
The X-ray beam passes through the object being imaged, 
such as a patient's breast. The beam, after being attenu- 
ated by the object, impinges upon an array of radiation 
detectors. The intensity of the attenuated beam radiation 
received at the detector array is dependent upon the at- 
tenuation of the X-ray beam by the object. Each detector 
element of the array generates a separate electrical signal 
that is a measurement of the beam attenuation at the de- 
tector location. The attenuation measurements from all 
the detectors are acquired separately to generate a trans- 
mission profile or detector signals. 

[0004] Conventional film and digital detector mammography sys- 
tems traditionally utilize mount mechanisms, which allow 
the user to manually or robotically pivot an X-ray source. 
This pivoting allows generation of different projection 
views during imaging of an individual patient breast. Dur- 
ing this operation, the patient breasts are held by a breast 
compression system, which remains stationary during X- 
ray source movements. 

[0005] | n certain digital mammographic applications, such as to- 
mography, a series of images is rapidly acquired through 
a sweep of projection angles, which may include 60° or 



more. The images are taken quickly to minimize anatomi- 
cal movement and patient compression time. 
[0006] However, the mechanical motion required to move the X- 
ray source may induce image motion artifacts and may 
also require sub-optimal trade-offs between X-ray source 
arm acceleration mechanics and overall system er- 
gonomics. 

[0007] Special considerations are currently implemented to avoid 
patient and operator collisions when an X-ray source, 
mounted on a robotic arm, is operated. In contrast, if the 
X-ray source is manually moved to each projection angle, 
the patient may sustain extended compression times, 
which may be undesireable. In addition, certain rapid 
multi-view applications may require that the X-ray source 
be completely stationary during the actual exposure 
thereby necessitating acceleration and deceleration of the 
angular movement. 

[0008] Because very sensitive flat panel X-detectors are often uti- 
lized in such systems, it is also known that even moderate 
levels of shock and vibration applied to their panel read- 
out interconnection systems may cause image artifacts to 
be generated. In addition, the servo motor used to move 
the X-ray source to the required angles must not cause 



any appreciable magnetic fields to be induced into the 
sensitive X-ray detector or additional artifacts may be 
generated. 

[0009] The disadvantages associated with current imaging sys- 
tems have made it apparent that a new technique for 
mammographic imaging is needed. The new technique 
should minimize vibration and scan time. The present in- 
vention is directed to these ends. 
Summary of Invention 

[0010] According to one aspect of the present invention, a scan- 
ning system includes an arc-shaped support system cou- 
pled to a mount. Coupled to the arc-shaped support sys- 
tem is a plurality of stationary X-ray sources generating 
X-ray fluxes, which pass through an object (e.g. a pa- 
tient). Coupled to the mount is an X-ray detector, which 
generates a detector signal in response to the X-ray 
fluxes. 

[001 1] According to another aspect of the present invention, a 
mammography scanning system having a detector in- 
cludes the arc-shaped support system. The system further 
includes a plurality of X-ray emitters adapted to generate 
a plurality of X-ray fluxes. The plurality of X-ray emitters 
are coupled to the arc-shaped support system and are di- 



rected towards a common focus at varying angles with re- 
spect to the focus, wherein each of the plurality of X-ray 
emitters is collimated to view an entire detector field of 
view. 

[0012] one advantage of the present invention is that motion free 
tomographic or multi-projection imaging eliminates me- 
chanically induced artifacts in the sensitive detection sys- 
tem. 

[0013] Another advantage of the present invention is that this 
type of system eliminates the shock and vibration trans- 
lated from the mount to detector during the detector 
read, which may be conducted during mount movement. 

[0014] other advantages of the present invention will become 
apparent upon reading the following detailed description 
and appended claims and upon reference to the accompa- 
nying drawings. 
Brief Description of Drawings 

[0015] For a more complete understanding of this invention, ref- 
erence should now be had to the embodiments illustrated 
in greater detail in the accompanying drawings and de- 
scribed below by way of examples of the invention. In the 
drawings: 

[0016] FIGURE 1 is a perspective view of a mammography scan- 



ning system according to one embodiment of the present 
invention; 

[0017] FIGURE 2 is a front view of FIGURE 1; and 

[0018] FIGURE 3 is an operational diagram of a mammography 

scanning system according to another embodiment of the 

present invention. 
Detailed Description 

[0019] The present invention is illustrated with respect to a scan- 
ning system 10 particularly suited to the medical field. 
The present invention is, however, applicable to various 
other scanning systems utilized in a variety of other envi- 
ronments, as will be understood by one skilled in the art. 

[0020] Referring to FIGURES 1 and 2, a scanning system 10 in- 
cluding a support system 11 coupled to a mount 12, in 
accordance with one embodiment of the present inven- 
tion, is illustrated. Coupled to the support system 11 is a 
plurality of stationary X-ray sources 14 generating X-ray 
fluxes, which pass through an object (e.g. a patient). Also 
coupled to the mount 12 is an X-ray detector 20, which 
generates a detector signal in response to the X-ray 
fluxes. 

[0021] The system 10 further includes a control unit 22, coupled 



to a host computer 24 and display 26 and various other 
widely known control and display components, receiving 
the detector signal and responding by generating an im- 
age signal. The control unit 22 includes, for example, an 
operator console 25, an X-ray controller 28, a compres- 
sion controller 30, a mount motor controller 32, a mass 
storage unit 34, an image reconstructor 36 and a data ac- 
quisition system 38, all of which will be discussed later. 

[0022] The mount 12 holds the support system 11, which may be 
coupled to a platform 33 that moves either the X-ray 
sources 14 or alternately the detector 20 in response to 
signals from the mount motor controller 32, as will be un- 
derstood by one skilled in the art. In the present embodi- 
ment, the X-ray sources 14 and detector 20 are coupled 
to the mount 12. The mount 12 may also include a hold- 
ing area 35 for supporting patient tissue. 

[0023] The support system 11 is embodied as arc-shaped; how- 
ever, numerous other configurations for the support sys- 
tem, such as hemispherical, cubicle, linear, or irregular 
are also embodied herein. Important to not, however is 
that the sources 14 do not need to be in a plane, they can 
also be configured at various heights into and out of a 
given plane. 



[0024] The X-ray detector 20, which includes several detector 
modules, is typically located opposite the X-ray sources 
14 to receive the X-ray fluxes generated therefrom. Each 
module shares information with other modules corre- 
sponding to a number of slices. The stationary target de- 
tector 20 may be cooled by direct liquid cooling to enable 
higher X-ray outputs. This liquid cooling may be con- 
trolled by a cooling system 49. In alternate embodiments 
of the present invention, the system 10 may include a 
common conditioner for the tube and the detector 20, and 
there may be multiple coolers. 

[0025] | n one embodiment of the invention, the X-ray sources 14 
(emission array) include a plurality of stationary X-ray 
sources 50-72 (emitters) in place of conventional X-ray 
tube technology, which allow acquisition of a series of im- 
ages at various projection angles without the mechanical 
motion associated with current systems. 

[0026] The sources 50-72 are embodied as coupled to the sup- 
port system 11 in an arc arrangement relative to the de- 
tector 20 and toward a common focus 73; however, nu- 
merous other arrangements are also embodied in the 
present invention. Such other embodiments include the 
sources 50-72 arranged directly on the mount 12 or a flat 



support system whereon the sources 50-72 are angled 
towards the detector 20, etc. 

[0027] The sources 50-72 include a first source 50 at a first array 
angle 80 from an axis 81 perpendicular to the detector 
20, generating a first X-ray flux. The sources 50-72 fur- 
ther include an nth source 72 at an nth array angle 84 
from the axis 81 perpendicular to the detector 20. The 
other sources 52-70 are also positioned at various angles 
relative to the axis 81 perpendicular to the detector 20 
and generate various X-ray fluxes. Important to note is 
that any of the sources 52-72 may be considered a sec- 
ond source or a third source etc., wherein the first source 
50 may also be positioned at any angle with respect to the 
axis 81 perpendicular to the detector 20. 

[0028] Rather than mechanically sweep the single source tube, 
the array of X-ray sources 50-72 in an arc 90 above the 
detector 20 scans the object. Each emitter is collimated to 
view the entire detector field of view (FOV). The emitters 
are fired sequentially or simultaneously and the detector 
20 is read after each emission by the host computer 24. 

[0029] | n one embodiment of the invention, the X-ray sources 14 
(emission array) are capable of projecting the required X- 
ray flux at each tomographic application angle required 



and thus eliminate need for mechanical movement of an 
X-ray source. 

[0030] | n other embodiments, the angle through which the prior 
art X-ray source must be mechanically swept can be re- 
duced using an array 14, which offers a number of emis- 
sion flux angles but not necessarily all the angles required 
for the application. 

[0031] Motion free tomographic or multi-projection imaging 

eliminates mechanically induced artifacts in the sensitive 
detection system. It further eliminates the shock and vi- 
bration translated from mount to detector during the de- 
tector read, which may be conducted during mount move- 
ment in current systems. 

[0032] For the present invention, exposure rate is not limited by 
the X-ray tube and mount movement time. Because the X- 
ray emission technology provides rapid generation at a 
plurality of flux angles, the system acquisition rate is pri- 
marily by exposure time and the detector readout. Unlike 
mechanically swept projection systems, exposure projec- 
tion angle sequences are not necessarily required to be 
monotonic, and this generates another degree of freedom 
for advanced applications. 

[0033] Another embodiment of the present invention includes a 



distributed set of X-ray sources 50-72 generating the 
projection images by electronically gating the emissions, 
rather than mechanically sweeping the mount. These X- 
ray sources 50-72 may be one of several technologies, for 
example field emission, spindt tips, electron gun, thermal 
emission filaments, etc. 

[0034] still another embodiment of the present invention in- 
cludes a stationary pre-patient collimator 92 to align the 
output of each X-ray source 50-72 onto the detector 20. 
Generally, the collimator 92 is a device including a high 
absorption coefficient material used in collimation, 
wherein collimation is the operation of controlling a beam 
of radiation so that if the X-ray source were a point, the 
X-rays would become parallel. 

[0035] Referring to FIGURE 3, the X-ray sources 14 are activated 
by either a host computer 24 or an X-ray controller 28, as 
will be understood by one skilled in the art. The X-ray 
sources 14 send the X-ray flux 94, 96 through an object 
held by the mount 12 controlled by the mount control de- 
vice 30 acting in response to signals from the host com- 
puter 24. 

[0036] The X-ray flux 94, 96 from the X-ray sources 14 passes 
through the patient and impinges on the X-ray detector 



20. The signal passes directly to the host computer 24 
and display 26, where the signal is converted to a gray 
level corresponding to the attenuation of the X-ray pho- 
ton through the patient, for the final image. 

[0037] The present invention is illustrated with respect to mam- 
mography, however it is alternately used for any type of 
X-ray system using detectors including: computed to- 
mography (CT), vascular X-ray imaging, bone scanning, 
etc. Further embodiments include non-medical applica- 
tions such as weld inspection, metal inspection. 

[0038] | n operation, the host computer 24 receives the detector 
signals. The host computer 24 also activates the X-ray 
sources 14 either simultaneously or in succession, how- 
ever, alternate embodiments include independent activa- 
tion means for the X-ray sources 14. The present inven- 
tion includes an operator console 25 for control by tech- 
nicians, as will be understood by one skilled in the art. 

[0039] D a ta is acquired and processed, and an image, for exam- 
ple, is presented to a radiology technician through the 
operator consol 25 while the scan is occurring. The host 
computer 24 needs only read the detector signals and up- 
date the display at the appropriate locations through, for 
example, an image reconstructor 36 and data acquisition 



system (DAS) 38. The host computer 24 alternately stores 
image data in a mass storage unit 34 for future reference. 
[0040] while particular embodiments of the present invention 

have been shown and described, numerous variations and 
alternate embodiments will occur to those skilled in the 
art. Accordingly, it is intended that the invention be lim- 
ited only in terms of the appended claims. 



